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[57] ABSTRACT 

An ambulatory (in the home) patient health monitoring 
system is disclosed wherein the patient is monitored by a 
health care worker at a central station, while the patient is at 
a remote location. The patient may be a person having a 
speci?c medical condition monitored or may be an elderly 
person desiring general medical surveillance in the home 
environment. Cameras are provided at the patient’s remote 
location and at the central station such that the patient and 
the health care worker are in interactive visual and audio 
communication. A communications network such as an 
interactive cable television is used for this purpose. Various 
medical condition sensing and monitoring equipment are 
placed in the patient’s home, depending on the particular 
medical needs of the patient. The patient’s medical condition 
is measured or sensed in the home and the resulting data is 
transmitted to the central station for analysis and display. 
The health care worker then is placed into interactive visual 
communication with the patient concerning the patient’s 
general well being, as well as the patient’s medical condi 
tion. Thus, the health care worker can make “home visits” 
electronically, twenty-four hours a day. 

5 Claims, 9 Drawing Sheets 
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AMBULATORY PATIENT HEALTH 
MONITORING TECHNIQUES UTILIZING 
INTERACTIVE VISUAL COlVIMUNICATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation-in-part application to application 
Ser. No. 08/066,903 ?led May 25, 1993 now U.S. Pat. No. 
5,441,047, which is a continuation-in-part application to Ser. 
No. 07/857,470 ?led Mar. 25, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

A. Field of the Invention 

This invention relates to techniques for monitoring the 
medical condition of a patient, and, more particularly, to a 
method and apparatus for monitoring a patient at a remote 
site from a central station by means of interactive visual 
communications techniques and devices. While the inven 
tion is also suitable for use in any situation where a patient 
is to be monitored at a site remote from a central station, it 
is especially suitable to the monitoring and caring for the 
elderly in the home environment. Thus, the invention can 
also be said to relate to the ?eld of geriatric care. 

B. The Prior Art 
1. General Considerations 
Modem society with its improvement in living conditions 

and advanced health care has brought about a marked 
prolongation of life expectancy. This change has resulted in 
a dramatic and progressive increase in the geriatric popula 
tion. A large percentage of the geriatric population needs 
continuous general, as well as medical, supervision and care. 
For example, supervision of daily activities such as dressing, 
personal hygiene, eating and safety as well as supervision of 
their health status is necessary. Furthermore, the relief of 
loneliness and anxiety is a major, yet unsolved, problem that 
has to be dealt with. These and other facets of the manage 
ment of the ever increasing geriatric population have yet to 
be successfully addressed and solved. 
The creation of retirement facilities and old age homes, as 

well as other geriatric facilities, provide only a partial 
solution to the problems facing the geriatric population. The 
geriatric population, a constantly increasing fraction of 
society, has become increasingly dependent upon the deliv 
ery of home health and general care, which has its own set 
of challenges and drawbacks. 
The notion of ambulatory (home environment) patient 

care is gaining increased popularity and importance. 
According to some recently published reports, the number of 
old aged people receiving home care services under Medi 
care has shown a 13% annual growth rate and has tripled in 
10 years (1978-1988) from 769,000 to 2.59 million. This 
dramatic shift in patient care from the “sheltered” institu 
tional milieu to the patient’s home, work place, or recre— 
ational environment is due primarily to a radical change in 
concepts. That is, specialists in geriatric care tend to keep the 
aged in their own natural environment for as long as 
possible. Moreover, the marked increase in the cost of 
institutional patient care, the important technological 
advances and the development of medical equipment, and 
the explosive development in the ?eld of telecommunication 
are some ofthe additional factors that may help in creating 
proper home care for the aged. 

Presently, geriatric home care is still in its ?rst stages of 
development. However, according to some recently pub 
lished market research reports, the market for home care 
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2 
services and products is booming. Annual spending on home 
care services is expected to increase from $8.8 billion in 
1988 to $16 billion in 1995, while annual spending on home 
care products will increase from $1.15 billion to $1.86 
billion during the same period. 

Except for scarce model organizations, home care is 
carried out either by the patient’s family or by nonprofes 
sional help. The monitoring equipment at home care facili 
ties is usually minimal or nonexistent, and the patient has to 
be transported to the doctor’s ol?ce or other diagnostic 
facility to allow proper evaluation and treatment. 

Patient follow-up is done by means of home visits of 
nurses which are of sporadic nature, time consuming and 
generally very expensive. A visiting nurse can perform about 
5—6 home visits per day. The visits have to be short and can 
usually not be carried out on a daily basis. Moreover, a 
visiting nurse program provides no facilities for continuous 
monitoring of the patient and thus no care, except in 
fortuitous circumstances, in times of emergency. The 
remainder of day after the visiting nurse has left is often a 
period of isolation and loneliness for the elderly patient. 
The existing home care nursing facilities divert skilled 

nurses, a scarce commodity, from the hospital environment 
and uses them in a highly inefficient manner due to the wide 
dispersion of the patients and the lack of sophisticated 
diagnostic facilities in the patients’home. Clearly, the prac 
tice of visiting nurses leaves much to be desired. 

These considerations apply to the general population as 
well, as the spiraling cost of hospital care has lead to a 
dramatic increase in the use of outpatient care as a treatment 
modality. 
2. Prior Art Models of Ambulatory Patient Monitoring 
One of the areas in which ambulatory patient monitoring 

is most widely used is out-of-the-hospital surveillance of the 
cardiac patient. Patients with cardiovascular problems (dis 
eases of the heart and blood vessels) constitute the largest 
and most important diagnostic and therapeutic challenge 
facing the authorities responsible for the deployment of 
health care to the adult and speci?cally aging population in 
the U.S. About 15% of the adult population of the industri 
alized world suffers from hypertension, a major risk factor 
for atherosclerosis, heart disease, and stroke. Other com 
monly accepted risk factors such as: elevated blood lipid 
levels, obesity, diabetes, smoking, mental stress and others 
are also abundant. 
Every year more than 1.5 million people in the U.S. suffer 

a heart attack. This together with stroke constitutes the 
number one cause of death in our adult population. More 
importantly, the majority of cardiac related deaths occur 
outside of the sophisticated and sheltered hospital environ 
ment. Therefore the need for means for ambulatory moni~ 
toring of these patients is obvious. 
To date the electrocardiogram (ECG) and blood pressure 

are two main parameters most commonly monitored in the 
out-of-the-hospital environment. Holter monitoring (con 
tinuous 24 hour tape recording of the electrocardiogram) and 
continuous recording of blood pressure are useful modalities 
for the evaluation of changes in the cardiovascular system. 
These, however, are short term monitoring systems that 
provide only off line information that becomes available at 
best hours after their recording. Moreover, the hook up 
should be done by a nurse or technician. Lately, transtele 
phonic ECG surveillance has been gaining in importance. 
This system uses small ECG transmitters which allow the 
transmission of the patients ECG over any telephone line to 
a diagnostic center. This on-line information system is 
operative 24 hours a day, 365 days a year. The patient is in 
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direct contact with a highly trained team that can intervene 
at any time and make real time decisions. The drawback of 
this system is its communication system, which does not 
lend itself to prolonged monitoring sessions and does not 
allow for visual observation of the subject. 
A home medical surveillance system is described in U.S. 

Pat. No. 4,838,275, issued to Lee. This system involves the 
generation and transmission of health-parameter signals 
from a patient’s home to a central station. However, the 
described system envisions only two way voice communi 
cation between the patient and the observer at the central 
station. This system does not provide for interactive visual 
communications between the patient and health care pro 
vider, and thus lacks a principal feature and advantage of the 
present invention. 

U.S. Pat. No. 4,524,243 discloses apersonal alarm system 
in which a warning signal is sent to a central monitoring 
station if the patient’s activity level becomes inactive, such 
as in the case of a medical emergency. This technology is 
limited in its diagnostic and therapeutic value, and does not, 
in and of itself, provide for interactive voice or visual 
communication between the patient and the physician. 

Other patents disclose techniques for the transmission of 
still medical images over a communications line to a remote 
site. For example, U.S. Pat. No. 4,860,112, issued to Nichols 
et al., discloses methods and apparatus for scanning medical 
images such as x-ray images and transmitting the scanned 
image to a remote location. U.S. Pat. No. 5,005,126, issued 
to Haskin, discloses a system for picking off an internal 
analog video signal from imaging diagnostic equipment 
such as a CAT scanner and transmitting the image to a 
remotely located physician’s station. U.S. Pat. No. 4,945, 
410, issued to Walling, discloses a satellite communications 
system for transmission of still medical images from a 
remote satellite transmission station to a central headquar 
ters. These patents have their own inherent limitations and 
lack the interactive audio and visual capabilities provided by 
the present invention. An ambulatory home care and patient 
monitoring system, combining a long-term monitoring facil 
ity, the possibility of visual contact between the patient and 
health practitioner, and on-line, real time intervention capa 
bility has eluded those in the art. 
3. Available Home Health Monitoring Devices 

There exists, at present, home health care and monitoring 
products that perform various functions. The simplest 
include, amongst others, instruments such as self-operated 
blood pressure devices (sphygmomanometers), blood glu 
cose measuring instruments, automated medication dispens 
ers and others. While these products are designed to be 
useable by a patient without any assistance, they have no 
inherent capability of remote monitoring. Moreover, they 
are often di?icult to use by elderly or in?rm patients. 
The other end of the spectrum includes the development 

of computer controlled robots that provide an integrated, 
highly sophisticated, home based monitoring unit. An 
example of such a device is the HANC (Home Automated 
Nursing Center) system described in U.S. Pat. No. 5,084, 
828, issued to Kaufman et al. This patent includes a robot 
capable of monitoring the patient’s vital signs, reminding 
the patient of his or her medications, dispensing them in due 
time, and contacting a control center for routine follow-up as 
well as in emergency situations. This device is generally an 
unsatisfactory solution to the problem of at-home patient 
monitoring because it is extremely expensive, unfriendly, 
impersonal, cumbersome, and lacks interactive communica 
tion capabilities between the patient and their physician. 
The complex robotic units and home computer are 

impressive in their capacity, but lack the human contact 
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4 
which is so important in effective geriatric care. The 
patient’s interaction with a machine, as sophisticated as it 
may be, will always be inferior to the direct human contact. 
Moreover, these systems are very expensive and will in the 
foreseeable future be available to only a very small number 
of patients who can afford them. Moreover, the older popu 
lation does not adjust easily to computers and robots, and 
mistakes in their use are frequent. Maintenance and prob 
lems and the di?iculty in programs in the computerized 
system make the upkeep more complex. Thus, the currently 
available techniques for providing home patient monitoring, 
particularly of the elderly, leave much to be desired. 
4. Other Geriatric Health Risks 

Additional facts support development of an improved 
home health care system especially for a geriatric popula 
tion. For example, falls are a major health problem among 
the elderly, causing injury, disability and death. One third 
(some studies suggest half) of those over the age of 65 suffer 
at least one fall each year. The rate of falling increases to 
40% among those who exceed the age of 80. According to 
the National Safety Council, falls accounted for one-third of 
the death total for the elderly. Those who survive falls may 
have restricted activity, soft-tissue injuries, or fractures. It is 
estimated that up to 5% of falls by elderly persons result in 
fractures. A similar percent result in soft-tissue injury requir 
ing hospitalization or immobilization for an extended 
period. It is estimated that hip fractures resulting from falls 
cost approximately $2 billion in the United States during 
1980. Falls are mentioned as a contributing factor to admis 
sions to nursing homes. 
The factors leading to falls can be divided into two main 

groups: environmental factors and medical factors. In spite 
of the difficulty in the surveillance of patient condition 
before a fall, almost all researchers share the conclusion that 
environmental hazards are decreasingly important in caus 
ing 'falls as age increases. A clear correlation between 
clinical or medical problems and the incident of falls by the 
elderly has been established. Many of these medical prob 
lems of the elderly or in?rm can be detected by simple 
clinical observation. For example gait and balance abnor 
mality may indicate di?iculty with neurologic and muscu 
loskeletal functions that may contribute to physical insta 
bility. Changes in gait can be identi?ed by the following: 
slow speed, short step length, narrow stride width, wide 
range of stepping frequency, a large variability of step 
length, and increasing variability with increasing frequency. 

Thus, there are relatively straight forward techniques 
which enable diagnosis of a predisposition or likelihood of 
falls among elderly. However, there is no inexpensive pro 
cedure for undertaking such diagnosis or investigating such 
predisposition in a large patient population wherein the 
kinematic condition of the patient can be investigated or 
where the appearance, and re?ex activity of the patient can 
be investigated with ease. 

SUMMARY OF THE INVENTION 

In a principal aspect, the present invention comprises an 
interactive television and audio patient monitoring system 
connecting a patient situated at home with a central moni 
toring station manned by health practitioners (e.g., trained 
nurses or clinicians). The term “patient” as used herein is to 
be interpreted broadly to include elderly persons, persons 
actively being treated or monitored for speci?c medical 
ailments, as well as persons who wish to have their general 
medical condition monitored by health practitioners. 
The present invention provides two-way interactive visual 

communications between the patient and the central station. 
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The invention also provides for the monitoring by the central 
station of any of a number of possible vital signs and 
diagnostic test data. By way of example and not limitation, 
the vital signs to be monitored may include blood pressure, 
temperature, weight, heart rate, respiratory rate, oximetry 
and so on. At the present, two-way interactive cable televi 
sion, with its widespread network, provides a two-way 
communication network suitable for use in the present 
invention. Its interactive nature provides the personal, visual 
contact between the patient and the staff located at the 
monitoring center. Moreover, this communication system 
provides almost unlimited monitoring time. These attributes 
enable the collection of a multitude of medical data for 
prolonged periods of time, as well as the human contact that 
constitutes an important factor in the care of the population 
in need for such services. The long-term storage of medical 
and visual information helps in diagnosis and treatment. The 
transmission of the visual information and the monitored 
medical data between the central station and the patient’s 
home may be made by satellite, radio transmission or 
through telephone lines, instead of cable television lines. 
The preferred embodiment of the present invention 

involves an interactive system for monitoring a patient’s 
condition by health practitioner. The patient is located at a 
remote location from a central monitoring station and the 
health practitioner is located at a central station. The system 
comprises in combination a ?rst audio-visual camera for 
generating a ?rst audio-visual signal of a patient at the 
remote location. The system also includes a means for 
measuring a medical condition of a patient at the remote 
location and for generating a signal representative of the 
measured medical condition. The measured medical condi 
tion may be any health parameter, such as heart rate, 
respiratory rate, pulse oximetry, blood pressure, and so on, 
and will of course vary from patient to patient. A commu 
nications network is used for transmission of the ?rst 
audio-visual signal to the central monitoring station. The 
medical signal is transmitted simultaneously with the ?rst 
audio-visual signal. The central station includes a display for 
substantially simultaneous display of the ?rst audio-visual 
signal and the medical signal. The system further includes a 
second audio‘visual means for generating a second audio 
visual signal of the health practitioner originating from the 
central station, and the transmission of the second audiovi 
sual signal to the remote location. The system further 
includes a means for display of the second audio-visual 
signal at the remote location for observation by the patient 
preferably simultaneously with the transmission of the ?rst 
audio-visual transmission, whereby the patient and the 
health practitioner are capable of substantially simultaneous 
interactive audio-visual communication concerning the 
measured medical condition. Typically, the display of the 
second audio-visual signal at the remote location will be 
made on a TV set at the patient’s home. Preferably, the 
means for generating the ?rst and second audio-visual 
signals are conventional cameras such as camcorder type 
cameras. Thus, the present invention is readily adaptable to 
existing technology and can be implemented at relatively 
low cost. 

The new, integrative, highly sophisticated and cost-effec 
tive home monitoring system combining modern sensors 
and measuring devices with interactive television solves 
many of the problems facing an ever growing fraction of 
society. The geriatric population, the chronically ill, the 
handicapped, and patients discharged from hospitals but still 
in need of monitoring are only some examples of those who 
bene?t from the invention. 
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As a further aspect of the invention, the visual signal 

generated by the audio visual means associated with the 
patient may be relied upon to measure the medical condition 
of the patient directly. That is, patient gait, mobility, appear 
ance and other visual aspects of a patient, which may be 
relied upon by medical practitioners to evaluate the patient, 
may be designated, marked, speci?ed or tagged electroni 
cally in the visual signal from the patient and thereby serve 
as a time dependent measurement of the medical condition 
of the patient. Such measurements are transmitted to the 
central station and processed electronically or visually. Elec 
tronically the information may be stored or compared to 
standard data or previously stored base line data associated 
with the patient. This technique may be conducted utilizing 
analytical software or by a trained technician or physician. 
Diagnosis of a propensity to fall may, for example, be 
derived. Other diagnosis may also be derived in this manner. 

Thus, an objective of this invention is to provide a central, 
remote home care surveillance system combining a rela 
tively inexpensive patient monitoring devices with a sophis 
ticated central surveillance center using available telecom 
munication systems. The present invention provides an 
interactive and cost-effective system that will allow around 
the~clock supervision of the various aspects of the various 
aspects of the patient’s daily activities and health in the 
home environment. 

Moreover, the invention provides the capability for a 
physician at a remote location, such as the physician’s of?ce, 
to interact audially and visually with the patient. 
A further object is to provide an e?icient and economical 

health care system. Ambulatory patient care is by far more 
economical than institutional care. More importantly, it 
allows diagnostic and therapeutic assessments in the 
patient’s natural environmental rather than in the “sterile” 
setting of a hospital ward. The equipment involved is easy 
to use and alleviates the problem of frequent mistakes 
common in other systems. Some of the bene?ts of audio 
visual interactive cornrnunication features of the present 
invention include: 1) enhancement of diagnosis by the 
physician; 2) facilitation of instruction of the patient in the 
use of home-based medical equipment and the administra 
tion of medicines, as well as avoidance of mistake or misuse; 
3) observation of the patient in times of medical emergency, 
particularly if the patient cannot speak; 4) psychological 
bene?ts by having a nurse “visit” the patient electronically, 
and the comfort of knowing that the patient can have this 
“visit” any time a problem occurs; and 5) facilitation of 
group :instruction of a large number of patients at the same 
time. Group instruction in, for example, preventative medi 
cine or general health matters can take place with the 
patients being capable of asking questions. 

These and other advantages and features of the subject 
invention will become apparent from the detailed descrip~ 
tion of preferred and alternative embodiments which fol 
lows. 

BRIEF DESCRIPTION OF THE DRAWING 

In the detailed description of presently preferred embodi 
ments of the present invention which follows, reference will 
be made to the drawings comprised of the following ?gures, 
wherein like reference numerals refer to like elements in the 
various views and wherein: 

FIG. 1 is a simpli?ed, overall functional block diagram of 
the health monitoring system of the present invention; 

FIG. 2.is a more detailed functional block diagram of the 
system of FIG. 1, showing a central station simultaneously 
monitoring a plurality of patients in remote locations; 
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FIG.3 is a schematic diagram illustrating how an audio 
visual signal of a patient may be transmitted via cable 
television lines from a patient’s remote location to the 
central station of FIG. 1; 

FIG. 4 is a more detailed functional block diagram of the 
data analysis and display center of the central station of FIG. 
2; 

FIG. 5 an illustration of one possible arrangement of the 
health monitoring and telecommunications equipment in the 
central stations; 

FIG. 6 an illustration of one possible arrangement of the 
medical condition measuring, sensing and telecommunica 
tions equipment in a patient’s home environment; 

FIG. 7 is an illustration of a health monitoring apparatus 
which may be used in the present invention in the patient’s 
home environment; 

FIG.8.is more detailed block diagram of the transmitter of 
FIG. 7; 

FIG. 9.is a more detailed block diagram of the receiver of 
FIG. 7; and 

FIG. 10 is a more detailed illustration of the modular 
medical condition sensing and display unit of FIG. 6 which 
may be used in the patient’s home environment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Brie?y, a method and apparatus are provided for moni 
toring a medical condition of a patient by means of instru 
mentation maintained at the patient’s living quarters linked 
through a communications network to a central surveillance 
station. The system is interactive since the patient and 
personnel at the central station may engage in two-way 
audio and visual communication. 
General Description 
The system uses or incorporates inexpensive home medi 

cal monitoring equipment that includes sensors and measur 
ing devices for the particular medical parameters to be 
monitored. The patient’s home equipment is simple to use 
and modular to allow for the accommodation of the moni 
toring device to the speci?c needs of each patient. To reduce 
production costs and to avoid complex maintenance prob 
lems, the home unit includes only the sensor part of the 
measuring device. The raw data is transmitted to the central 
station, which includes all of the needed sophistication to 
allow for the storage, transformation, display and interpre 
tation of the data. The need for expensive equipment in the 
home is thus avoided. Inexpensive sensors are placed in the 
patients’homes, and the more costly analytic equipment for 
all the patients is located at the central station. 
The central station includes a computer-based multi 

channel data analysis and display unit that enables the 
interpretation, display, and storage of the transmitted data. 
This central station is preferably equipped with alarm 
mechanisms to alert the staff to any aberration from the 
expected. The central station further includes apparatus for 
the communication of data to all authorities involved in the 
wide spectrum of the patient’s needs,e.g., emergency care 
agencies, the patient’s physician, nursing services, social 
workers, etc. 
The central station is preferably provided with the capa 

bility of automatically scanning predesignated patient home 
units at predetermined intervals to provide continuous super 
vision of speci?c parameters. In some instances, the central 
station may monitor continuously one or more parameters, 
e. g., ECG, blood pressure, respiration, etc., for hours or even 
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days, thereby creating a semi-intensive-care capability. The 
embodiment disclosed enables one highly trained nurse or 
patient monitoring personnel located at the control center to 
supervise and monitor as many as 50 patients either seriatim 
or substantially simultaneously. Whereas a visiting nurse 
may only be able to visit 5 or 6 homes per day in person, a 
nurse at the central station may be able to visit 5 or 6 patients 
per hour by making electronic “home visits”. 

Cable television provides an already existing, widespread 
and ideal system for interactive visual communication with 
most residential units in densely populated urban areas. The 
ambulatory patient monitoring system integrating the latest 
advances in biomedical technology with cable television 
provide safe and accurate general and medical supervision 
for the geriatric/homebound population in their own, natural 
environment. 

Using such an interactive system, a direct visual uni- or 
bi~directional contact between the elderly person monitored 
and the supervision is established at any time, day or night. 
This contact can be initiated, at will, by the patient monitor 
or by the patient. Moreover, this communication system is 
used to transfer general data as well as medical data from 
sensors to monitor the various medical and non-medical 
parameters. Further, a health practitioner may be able to 
have “classes” with many remotely located patients. 

Cable television networks provide a useful mode of 
communication between the patient’s remote location and 
the central station at the present, and is a presently preferred 
means for transmission of the audio-visual signal from the 
patient to the central station and for transmission of the 
audio-visual signal of a health practitioner to the patient’s 
remote location. Further, the measured medical data can be 
displayed in the patient’ s remote location and the parameters 
picked up by the camera. The transmission of the measured 
medical data may also be by cable television, or may be 
through another communication network such as the tele 
phone system. The data transmission could also be by 
rnicrowave, cable, or other transmission means. It will be 
appreciated that as advances in telecommunications 
develop, other techniques for transmission of video signals 
between a central station and the home may be desirable and 
economically feasible. For example, satellite and radio 
transmission of the video signal and/or monitored medical 
data, or transmission via modem through the telephone lines, 
may also prove satisfactory. 

Communication between the patient’s remote location 
and the central station can be initiated by a variety of 
techniques. One method is by manually or automatically 
placing a call on the telephone to the patient’ s home or to the 
central station. When the call is received, a responsive 
switch is thrown, turning on the camera in the patient’s 
home or at the central station. Alternatively, the patient and 
central station could agree on times or time intervals in 
which communication would take place. Ideally, a remote 
control button 220 on the patient’s chair (FIG. 10) is 
installed which, when activated, turns on the equipment in 
the home and alerts the health practitioner at the central 
station. 

Referring now to FIG. 1, a greatly simpli?ed schematic 
diagram of the ambulatory patient monitoring invention is 
shown. Ambulatory patients located in a remote location 10, 
such as the home, are monitored from a central surveillance 
station 20. Only one remote location 10 is shown, for the 
sake of simplicity. Audio and visual signals of the patient, as 
well as medical data measured in the home such as heart 
rate, blood pressure, temperature, oximetry data, etc., are 
sent over a communications network 12 to the central station 
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20. The audio-visual information and the measured medical 
data are displayed at the central station 20 on display 
equipment such as television monitors. The audio-visual 
information of the patient, as well as the medical data, is 
monitored by a health care worker such as a nurse at the 
central station 20. The system of FIG. 1 also includes the 
generation of a second audio-visual signal of the health care 
practitioner at the central station 20 and the transmission of 
the audio-visual signal over a communications network 12 
to the patient’s home or remote location 10. The second 
audio-visual signal is displayed in the patient’s remote 
location 10 on a television set. The transmission of the 
second audio-visual signal of the health practitioner to the 
patient’s remote location 10 is preferably substantially 
simultaneous with the incoming audio-visual signal from the 
patient and permits the patient and health practitioner to 
engage in interactive visual communication concerning the 
patient’ s current medical condition. The term “substantially 
simultaneous” is meant to include actual simultaneous trans 
fer, as well as the situation where the patient and central 
station transmissions are separated in time but immediately 
follow each other, as may be required by equipment limi 
tations in some cable television systems. 
The system of FIG. 1 also includes the capability of a 

physician at a remote location 30 to engage, in interactive 
visual communication with the patient. At location 30, the 
physician may gain access by a second communications 
network 14 to access the patient’ s health data or audio-visual 
signal at the central surveillance station 20. Also, the inven 
tion provides the capability of the patient gaining access to 
an audio-visual signal of the physician. 

Should the patient be experiencing health symptoms 
requiring intervention and immediate care, the health care 
practitioner at the central station 20 may summon help from 
an emergency services provider 40. The emergency services 
provider may send an ambulance, ?re department personnel, 
family member, or other emergency personnel to the 
patient’s remote location 10. ‘The emergency services pro 
vider 40 may, perhaps, be an ambulance facility, a police 
station, the local ?re department, or any suitable support 
facility. 

Referring now to FIG. 2, the ambulatory patient health 
monitoring invention is shown in a more detailed functional 
block diagram. The present invention provides for the capa 
bility of a health care practitioner at the central station 20 to 
monitor any given number of patients at remote sites. FIG. 
2 shows remote sites 10A and 10B, but of course there may 
be any number of subscriber patients which may be moni 
tored by the central stau'on 20 and only two are shown for 
purposes of simplicity. At the remote site 10A, the patient 16 
has in the home sensing equipment 18 for measurement of 
a medical condition of the patient 16, such as a blood 
pressure gauge, a comprehensive non-invasive patient moni 
tor device such as the Criticare Systems, Inc. Model 507 
monitor, a simple thermometer, oximetry equipment, or 
other equipment depending on the patient’s medical status. 
Preferably, the sensing equipment 18 requires passive or 
only minimal activity on the part of the patient. The patient 
16 also has in his home 10A a camera 22 suitable for 
generating an audio-visual signal of the patient 16. The 
patient 16 also has in his home 10A a television set 24 or 
other suitable means for displaying a audio-visual image of 
a health care practitioner located at the central station 20. 

Special equipment may be used for measuring medical 
parameters of the patient with only minimal involvement by 
the patient. For example, a chair (not shown) may be 
provided which includes sensors for measuring the patient’s 
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temperature and weight, a blood-pressure cuff for measuring 
the patient’s blood pressure, electrodes for monitoring the 
patient’s ECG, and sensors for measuring the patient’s 
pulse. Preferably, most of these sensors are placed directly 
on the arms of the chair so that the patient’s medical data can 
be derived with minimal participation by the patient. The 
sensors can be wired directly to a signal conditioning and 
transmission unit (not shown) for ampli?cation, analog to 
digital conversion, data storage and transmission to the 
central station 20 over the telephone line. A preferred 
modular medical condition sensing and display unit is 
discussed below in conjunction with FIG. 10. 

In operation, the health monitoring and sensing equip 
ment 18 measures the medical condition of the patient and 
generates a signal representative of the measured medical 
condition, and transmits the raw data directly to the central 
station over a transmission line 26 such as the telephone, or 
perhaps sends it by a radio frequency transmitter to the 
central station 20. The data can also be sent directly over the 
cable television line to the central station. Techniques for 
transmission of medical information over a transmission line 
such as a telephone line are well known in the art. Altema 
tively, the camera 22 may have its lens focused on the 
display of the health monitor equipment 18, such as the face 
of the Criticare Systems monitor, or the dial of a blood 
pressure gauge, or the face of digital thermometer. The 
camera 22 also is used to generate an audio-visual signal of 
the patient 16. The audio-visual signal generated by the 
camera 22 is then transmitted over the communications 
network 12 to the central station 20. The corrununications 
network 12 can be a cable television cable provided by a 
cable company to the patient’s location 10A (discussed in 
detail below), or may be a telephone line through which the 
digitized audio-visual signal is transmitted from the patient 
16 to the central station 20. Alternatively, the communica 
tions network may be any other suitable transmission net 
work or means for transmitting the audio-visual signals to 
the central station, such as satellite transmission. The TV set 
24 serves as a means for displaying in the patient’s location 
10A the audio-visual signal of the health practitioner at the 
central station that is interacting with the patient in the 
home. In its simplest form, the invention can be practiced by 
transmitting the measurements of the patient’s medical 
condition to the central station 20 by using the camera 22 to 
record the displays of the sensing equipment 18. However, 
better use and analysis of the measured medical data may be 
afforded if the medical data is transmitted over a separate 
communications line 26. However, the data transmission 
does not have to be a separate line, as the signals can be 
superimposed on each other. For example, the output from 
the sensors can be transmitted through the audio charmel 
together with speech. 
The equipment used at a second remote site 108 is 

essentially the same as 10A. Of course, it will be appreciated 
that the patient 17 at location 10B may have an entirely 
different set of medical conditions to be monitored, and thus 
the medical condition measuring and sensing equipment 18 
at location 1013 may be entirely different than the equipment 
18 at location 10A. 
The central station 20 includes a data analysis and display 

center 28, an audio-visual signal generation station 32 and a 
switching center 34. The data analysis and display center 28 
receives the incoming data transmitted by the health moni 
toring equipment 18 at the patient’s remote location. The 
data analysis and display station 28 also receives the incom 
ing audio-visual signals from the patients’ cameras 22. The 
data analysis and display station 28 includes equipment to 
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process the health monitoring data, and to store and retrieve 
the data. The data, including the audio-visual signal of the 
patient 16, is retrieved and displayed as desired by the health 
practitioner. For example, the health practitioner at the 
central station 20 may wish to see the image of the patient 
generated by the camera 22, or may wish to generate graphs 
or ECG maps of cardiac activity, or review the history of the 
patient’s heart rate over the previous 24-hour period. These 
are just a few illustrative examples of the use that can be 
made out of the transmitted medical information. The central 
station 20 is also provided with a set of the patients’ medical 
records in order to compare the incoming; medical data and 
audio-visual signal with the patients’ history. If alarm con 
ditions are present, suitable action can be taken by the health 
practitioner. 
The video generation station 32 includes at least one 

video camera (not shown) for generating an audio-visual 
signal of a health practitioner and transmission equipment to 
transmit the signal to the patients 16, 17 at the remote sites 
10A and 10B. The patient can therefore see the face of a 
health care worker and interact in an audio-visual manner 
with the health practitioner concerning his or her medical 
condition. If a staff or team of patient monitors or health care 
workers at the central station are employed, as when a large 
number of patients are being monitored, multiple cameras or 
even small-scale studios may be used, one for each health 
monitor or nurse, so that individual patients at the remote 
locations can see their own particular health care worker that 
they are used to. 
The switching center 34 serves to direct the incoming and 

outgoing signals from the patients and the health care 
workers at the central station 20 to orchestrate the proper 
channeling of the incoming and outgoing audio-visual sig 
nals. The switching center 34 further has the capability of 
permitting access by a physician at a remote site 30 to the 
medical data or audio-visual signal of the patient 16. 
The remote site 30, which may be the physician’s o?ice, 

his home, or a hospital at a remote location, includes a 
camera 36 for generating an audio-visual signal of the 
physician at the remote site 30. The audio-visual signal of 
the physician is sent over a communications line 14 (such as 
cable television lines) to the switching center 34 and sent out 
to the patients’ remote locations 10A and 10B, thus permit 
ting the physician to interact in an audio-visual manner with 
the patients. The remote site 30 also has a monitor 38 (such 
as the television set) for display of the audio-visual signal of 
the patient 16. The physician at the remote site 30 may also 
have a personal computer 42 to gain access via a modem 
(not shown) and a telephone line 44 to the patient’s medical 
information stored in the data analysis and display unit 28 in 
the central station 20. 

If the health practitioner at the central station 20, or the 
physician at the remote site 30, determine from the medical 
data that the patient 16 is in need of emergency treatment, 
the physician at the remote site 30 or the health practitioner 
at the central station 20 may put in a phone call to the 
emergency services provider 40 and direct personnel at that 
location to send immediate help to the patient 16. For 
example, if the patient 16 at home undergoes a cardiac 
arrest, and the transmitted audio-visual or medical signals 
re?ect this condition, the health practitioner at the central 
station 20, can immediately summon help. The data analysis 
and display unit 28 of the central station may also incorpo 
rate routines for automatically alerting the emergency ser 
vices provider 40 when the measured medical condition of 
the patient reaches a predetermined threshold. Medical 
alarm systems are also known in the art, such as U.S. Pat. 
No. 4,524,243, which is incorporated by reference herein. 
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Referring now to FIG. 3, a schematic diagram of the 

communications network 12 for transmitting an audio-visual 
signal from the patient’s home to the central station using 
cable television lines is illustrated. In the patients’ homes 
10A and 10B, there is a camera 22 which generates an 
audio-visual signal of the patient and/or display screen of 
health monitoring equipment and transmits the signal to a 
modulator 46. The modulator 46 converts the audio-visual 
signal into a high-frequency (5—30'MHZ) signal which is 
sent from the modulator 46 through the cable line 48 to the 
local cable television station 60. The signal on cable line 48 
is sent to a demodulator 50 in the cable television station 60 
which regenerates the audio-visual signal, and then the 
audio-visual signal is sent to another modulator 52, which 
sends the audio-visual signals from the homes 10A and 10B 
through another cable line 54 to the central station 20. The 
modulated signal on cable television line 54 is demodulated 
in a demodulator unit 56 and then stored and displayed in the 
data analysis and display unit 28 in the central surveillance 
station 20. Those of ordinary skill in the cable television 
transmission art are familiar with the modulator and 
demodulator units shown in FIG. 3. Background informa~ 
tion on cable television transmission is contained in G. Fink 
and D. Christiansen, Electronics Engineers’ Handbook, 
McGraw-Hill, Sections 21-73 through 21-86 (3rd ed. 
1989), which is incorporated by reference herein. 

Referring now to FIG. 4, the data analysis and display unit 
28 of FIG. 2 is shown in more detail. Data indicating the 
medical condition of the patient is sensed in the patients’ 
remote location and may be sent via the telephone lines to 
the central station 20. The data is in turn relayed on a data 
bus 68 into a central computer 70. The central computer 70 
has both a data storage center 72 (including a random access 
memory and a series of hard disk drives or magnetic tape 
drives), and a central processing unit (CPU) 74. The data 
storage center 72 stores incoming patient data for a given 
period of time, which may be over 24 hours, so that a 
physician or health practitioner can go back through the 
patient’s medical data, during the previous 24 hours for 
example, and ascertain what the patient’s health or condition 
was at a certain period of time. This capability is important 
for diagnostic purposes because it allows the physician to 
monitor and analyze the patient’s medical condition prior to 
a given event such as a cardiac arrest. The physician can 
simply enter commands into the keyboard 76 to access 
particular data from a particular period of time and display 
the information. 

For example, the physician may have the patient moni 
tored for electrical activity in the heart. The patient will have 
a set of electrodes attached to his chest and the electrical 
potentials are measured on the surface of the chest. The data 
is sent over the communications network 12 (FIGJ) to the 
central station 20 and stored in the central computer 70. The 
information from the patient may be displayed in the form 
of an electrocardiogram 78, or the patient’s blood pressure 
may be plotted as a function of time in a graphical form on 
a computer screen 80. Alternatively, a two-dimensional map 
of the electrical activity in the patient’s heart may be 
displayed on a special display monitor 82 for that purpose. 
The generation of images of electrical activity in the body is 
well-known in the art. One article discussing this technology 
is Perrin et al., Scalp Current Density Mapping: Value and 
Estimation from Potential Data, IEEE Transactions on Bio 
medical Engineering, Vol. 34, Page 283~288 (1987), which 
is incorporated by reference herein. The diagnostic capa 
bilities are especially enhanced if the patient has a dedicated 
line from the remote location 10 to the central station 20 
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(FIG. 1) for continuous transmission of medical data to the 
central station. The data analysis and display unit 28 may 
further include a means for transferring the medical data 
onto high storage capacity media such as optical disks, 
which can then be retrieved at a later point in time. The 
diagnostic tools provided by this data analysis and display 
center signi?cantly enhances the ability to monitor patients 
in the home and to diagnose precise medical conditions 
based on the collected data. 

Alternatively, the measured medical data may be stored in 
the patient’s home for relatively long-term periods (e.g. 24 
hours) and then transmitted all at once to the central station. 
An example of equipment suitable for this purpose is 
discussed below in conjunction with FIGS. 7—-9. 

Still referring to FIG. 4, the audio-visual signal from the 
patient is fed on cable 84 to a video storage unit 86. Again, 
a physician may enter commands at the keyboard 76 for the 
central computer 70 and retrieve the audio-visual signal 
stored in the video storage unit 86 such that he or she can see 
the picture of the patient on a TV screen 88 either simulta 
neous with its transmission from the patients’ remote loca 
tion 10, or during a previous period of time. For example, if 
the patient was experiencing chest pains at 3:00 am. the 
previous day, the physician may want to see the picture of 
the patient at 3 :00 am. The physician enters a command into 
the keyboard 76, or manipulates the video data storage 
device 86, such as a VCR, to retrieve the video picture of the 
patient 16 at 3:00 am. The picture of the patient 16 is 
displayed on the screen 88 together with a time ?eld 90. The 
physician can then have the display units 82 or 78 display 
the electrocardiograms in a one or two-dimensional image to 
correspond with the patient’s picture at that period of time 
so he can match up the medical data with the video image 
of the patient. 

Referring now to FIG. 5, there is illustrated one possible 
arrangement of the health monitoring and telecommunica 
tions equipment at the central station 20 surrounding the 
health practitioner or nurse 112. The nurse 112 enters via 
keyboard 76 of the central computer 70 commands to call up 
on the TV screen 88 the patient 16 of interest. The com 
mands may also include commands to start up the camera in 
the patients home. The central computer 70 is linked with the 
switching center 34 (FIG. 2) such that any of the subscriber 
patients can be accessed. Preferably, the patient’s medical 
records and history are entered into the computer 22 such 
that when the particular patient is selected, the history is 
displayed either on the display 150 of computer 70 or on a 
separate screen 152. This enables the nurse 112 to rapidly 
familiarize herself with the patient. If the patient’s data is 
being simultaneously transmitted to the central station 20, 
the patient’s ECG or cardiac activity can be displayed on 
displays 78 and 82, respectively. Alternatively, the patient’s 
oximetry data may be displayed for a given period of time 
on a separate display 154. 
The nurse 112 also has a camera 22 oriented towards her 

which generates an audio-visual signal for transmission to 
the patient’s remote location 10. If a cable television com 
munications network is used, the signal generated by camera 
22 will typically be sent to a modulator unit (not shown) and 
then to the local cable television station for ultimate trans— 
mission to the patient’s home. The nurse 112 will preferably 
also have a telephone 151 nearby for telephoning the emer 
gency services provider 40 (FIG. 1) if the patient 16 should 
need immediate care. 

Referring now to FIG. 6, there is illustrated one example 
of the equipment which may be used in monitoring the 
medical condition of a patient in a home environment. The 
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14 
patient 16 may have in his home 10 a variety of equipment 
for measuring the medical condition of the patient and the 
present example shown in FIG. 6 is for purposes of illus— 
tration, and not limitation. The patient 16 in this example has 
a Criticare monitor unit 100 to which patient 16 is hooked 
up and the Criticare monitor 100 measures the pulse rate, 
blood pressure, oximetry, and temperature of the patient and 
displays the information on the screen of the monitor unit 
100. The patient may alternatively have a modular medical 
sensing and display unit 102 resting on the arm 103 of the 
chair 105. This unit 102 is discussed in detail below. The 
patient may also have a set of electrodes (not shown in FIG. 
6) attached to his or her chest for use in generating electro 
cardiograms. In the patient’s home 10, a conventional video 
camera 22 such as a videocassette camcorder-type camera is 
mounted in a cabinet 104 a short distance away from the 
patient. The camera 22 includes a lens 106 oriented in the 
direction of the patient 16. The patient is seated in the chair 
105 a sufficient distance away from the camera 22 such that 
the ?eld of view of the camera 22 includes the entire 
patient’s body, as well as the screen of the Criticare monitor 
100 or the display 210 of the unit 102 (FIG. 10). The video 
camera 22 then ?lms the patient or the screen of the patient 
monitoring equipment and transmits the audio-visual signal 
via the modulator 46 through the cable TV line 48 from the 
home 10 to the cable television station 60 (FIG. 3). Suitable 
servomotors (not shown) are provided within the cabinet 
104 such that the camera focus and orientation can be 
controlled by the monitoring health practitioner at the cen 
tral station. The camera 22 may also include start up controls 
which can be remotely operated by the health practitioner to 
enable the health practitioner to initiate patient monitoring 
via camera 22. 
The patient 16 in his home 10 substantially simulta 

neously receives an audio-visual signal from the health 
practitioner 112 at the central station that is monitoring the 
transmitted signals from the patient’s home 10. The health 
practitioner 112 is able to interact visually with the patient 
16 as the camera 22 is ?lming the patient 16 and/or the 
Criticare monitor 100 or unit 102. For example, the health 
practitioner 112 can inquire as to how the patient 16 is 
feeling, and if the patient 16 complains of chest pains, the 
health practitioner 112 can see the face of the Criticare 
monitor or the display 210 of the unit 102 (FIG. 10) to 
observe the current data. 
Of course, if the medical data is being transmitted simul 

taneously via the telephone line 114 0r digitally through the 
cable line 48, then the health practitioner 112 can have the 
information displayed at the central station. The displays of 
the Criticare monitor 100 and unit 102 are, in this scenario, 
redundant. However, they serve as useful backups if the 
digital transmission is interrupted or fails. 
The patient depicted in FIG. 6 may also be examined for 

various ambulatory and other physical characteristics useful 
in the diagnosis of patient health, for example the predis 
position to fall. For example, gait and mobility of the patient 
may be examined and analyzed using the system of the 
invention. Speci?cally, the video camera 22 may include a 
lens having a wide angle. The patient 16 can be orally 
instructed by the health practitioner to position himself at a 
start position in the vision ?eld, for example, standing erect 
at the center of the visual ?eld at a speci?ed distance from 
the camera 22. The patient will have attached re?ective 
strips of tape to various designated locations on his body. 
For example, re?ective tape may be placed on the wrists, 
elbows, shoulders, etc. Alternatively, the patient can put on 
a presized shirt or jacket with the re?ective strips or markers 
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preattached thereto. Similarly, trousers with such re?ective 
strips or markers may be put on by the patient. 
The re?ective strips act as markers used in the subsequent 

diagnostic activities. Thus, the practitioner 112 will direct 
the patient 12, having been positioned at a start position with 
markers locating speci?c body parts, to conduct speci?c 
physical activities such as speci?c arm movements, walking, 
bending, etc. 
The visual signals associated with the marker positions as 

transmitted to the central station can be recorded. Further, 
the speci?c markers can be electronically tagged for analy 
sis. Thus, the markers will create a record of speci?c body 
part movement for comparison electronically to previously 
stored standard data or previously recorded data for that 
patient. Also the recorded visual signal may be reviewed by 
the practitioner for purposes of diagnosis and advice to the 
patient. Thus, the predisposition of a patient to fall and the 
potential reasons for a fall can be predicted and preventive 
intervention can be attempted. For example, a change in 
medication can be prescribed or physical therapy may be 
instituted. The system may then be utilized to monitor the 
results of the prescribed medication or therapy. 
A video/computer motion measurement system that may 

be useful in the conduct of such diagnostic and analytical 
practice is made by Peak Performance Technologies Inc., 
Englewood, Colo. and is identi?ed as the Peak 2D system 
and the Peak 5 system. Other video motion analytical 
systems may be utilized in combination with the system of 
the invention. Additionally, numerous other types of mea 
surement and diagnoses may be performed utilizing the 
video signals derived from the patient. Such diagnoses may 
or may not require positioning of markers or tags on the 
patient body. That is, the practitioner 112 may electronically 
tag pixels associated with the patient’s body. The, recording 
of the video signal and comparison of the recorded marker 
pattern with standard patterns are then analyzed, and 
therapy, medication, etc. may be prescribed as needed. 
Visual comparison of video records over time also may be 
sufficient or effective to perform diagnosis. 

Thus, the video picture or signal alone may be relied upon 
to provide a medical signal or diagnostic information relat 
ing to speci?c body parts or functions. This results since 
physician and medical practitioners regularly rely upon 
visual diagnosis. The system of the invention permits such 
diagnosis. As another, rather than using a wide angle video 
input to view the entire patient in an ambulatory condition 
to study gait, etc., a narrow ?eld or angle signal can be 
utilized to conduct, for example, an eye examination. Such 
an examination could focus on eye movement, pupil size 
under differing conditions, eye reaction time, eye condition 
in view of a regimen of medication, and numerous other 
diagnostic matters. The condition and color of skin can also 
be examined using a narrow ?eld visual technique. Again, 
the visual condition of a patient is an important diagnostic 
tool and reaction to medication, growth of moles, and skin 
disturbances can be recorded, compared to standards and 
prior data in an ongoing manner to facilitate patient treat 
ment. 
The ability of the patient 16 to see and talk to the health 

practitioner 112, and know that the health practitioner 112 
can see the patient 16, is greatly reassuring to elderly 
patients, or, for that matter, to any patient, and is a signi?cant 
improvement over prior art monitoring systems. More 
detailed examples include the following examination regi 
mens: 
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EXAMPLE No. 1 

Diagnostic Changes in Facial Expression 
One of the most important elements in the diagnostic 

procedure is the analysis of changes in the anatomy, mor 
phology and expression of the human head and face. This 
observational process is performed by physicians in initial 
phases of patient assessment (while obtaining the patient’s 
history) as well as an integral part of the physical diagnostic 
process. 
The initial observation phase typically includes the 

assessment of the following parameters: 

Color of skin, lips and Pale (anemia; vasoconstriction . . . ) 
tongue: Red (fever, plyglobulle . . . ) 

cyanosis (reduced oxygen saturation of 
the blood; impaired tissue 
perfusion; methemoglo 
binemia . . . ) 

Paralysis of speci?c regions of the face, 
mainly unilateral as markers of disorders 
in the peripheral or central nervous system 
(trigeminal paralysis; CVA . . . ) 

Ptosis (incomplete opening of one or both 
eyelids) as a sign of innervation problems 
(CVA; Homer syndrome . . . ) 

Various pathological conditions, mainly of 
neurological origin are re?ected in aber 
rations in eye movement. 
Abnormal reaction of the pupil to light 
(pupil gets smaller the stronger the light) 
may indicate various pathological conditions 
mainly of the nervous system. In patients 
treated for glaucoma pupillary status and 
motion pattern may be important to the 
follow-up of adequate treatment. 
A change in the form of speech (slurred 
speech, di?icullies in the formation of 
words . . . ) may indicated neurological 

problems, such an observation can also 
indicate some outward effects of various 
drugs or toxic agents. 
Asymmetry in tongue movement is usually 
indicative of neurological problems. 

Face asymmetries: 

Eyelid position: 

Eye movements: 

Pupil reaction: 

Form of speech: 

Tongue movement: 

Neck veins: Engorgement of the neck veins may be an 
indication of heart failure or obstruction of 
normal blood flow from the head and upper 
extremities to the heart. 

Emotions: The face is usually a mirror of the emotional 
state of the observed subject. Fear, joy, 
anger, apathy are only some of the emotions 
that can be readily detected, facial ex— 
pressions of emotions are relatively uniform 
regardless of age, sex, race, etc. This re 
lative uniformity allows for the creation of 
computer programs attempting to automati 
cally diagnose people's emotional states. 
More importantly, these computerized sys 
tems may be capable of automatically detec 
ting dynamic mood and emotional changes. 

With the system of the present invention, audio comments 
are given to the patient and visual examples of the com 
mands may also be transmitted by the practitioner to the 
patient by way of the audio-visual signal from the central 
station. The patient can then perform the diagnostic protocol 
within the audio and visual ?eld at the remote location 
thereby generating in addition to the mere patient’s image, 
a collection of diagnostic medical signals representative of 
the anatomical, morphological and expression condition of 
the head and face of the patient. This signal is effectively 
transmitted to the central station where it is compared to 
diagnostic standards as well as (optionally) prior observa 
tions in time of the patient. Such comparisons at the central 
station of the various parameters speci?ed above lead to a 
patient diagnosis at the central station. The comparative 
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diagnostic activity may be conducted by the practitioner, but 
it may also be conducted by utilization of the hardware and 
software with the result set forth on the data analysis and 
display monitor 28 which is separate and apart from the 
patient display screen 88. The practitioner can simulta 
neously perform their own con?rming analysis utilizing the 
screen 88 and associated audio input from the patient. 
EXAMPLE No. 2 
Diagnostic Performance of Speci?c Tasks 
The correct performance of speci?c tasks is important for 

the assessment of neuropsychological as well as motor 
abilities of the monitored subject. 
The examination begins during the initial conversation 

with the monitored subject. Any change in the spontaneous 
gestures of the body, arms and hands during speech as well 
as the ful?llment of nonspeci?c tasks are important signs of 
possible pathological events. Moreover, the monitoring per 
son can instruct the monitored subject to perform a series of 
simple tasks (as discussed below). The correct ful?llment of 
these tasks may be of utmost importance in the primary 
diagnosis of neurological abnormalities. 

Hand preference: Unexplained preference of the non dorrrinant 
hand may be indicative for weakness in the 
dominant side. 
Inability to perform tasks that involve pre‘ 
cise and coordinated hand and ?nger motion 
may be an important sign of pathology. 
Subject is asked to stretch both arms in front 
of him to shoulder level and hold them at 
this level with closed eyes. Sagging of one 
arm may indicate muscle weakness or some 

neurological de?cit. 
The monitored subject is asked to touch 
various skin surfaces (face, hands, forearms, 
abdomen, legs, etc.) and compare sensations 
on both sides (symmetrical or different). A 
difference in the sensation of touch or even 
pain (hyposensitivity or hypersensitivity) 
may indicate neurological problems. 
Subject is asked to close his eyes and touch 
the tip of his nose with the index ?nger. 
Failure to precisely perform this task may 
indicate motion coordination d?f?culties 
(cerebellar dysfunction). 
Same as above but subject is asked to ap 
proximate both index ?ngers after arms have 
been maximally extended to the skies (path 
ology, same as above). 
Subject is asked to stand with heels and toes 
touching, and close his eyes. Excessive 
swaying loss of balance is indicative of 
neurological pathology (cerebellar or ves 
tibular). Patients with disease of speci?c 
nerve tracts in the spinal cord (posterior 
columns) may fall although they can main 
tain upright position when eyes are open. 
This is the reason why this test should be 
performed in the presence of a family 
member or friend to prevent from falling. 
Inability to perform rapid alternating ?nger 
movements or rapid ?nger tapping on a 
table surface may indicate coordination 
defect (cerebellar pathology). 
Inability to rapidly perform forward and 
backward rotation of the forearm (pronation 
and supination) is called “adiadochidnesis” 
and may be indicative of coordination pro— 
blems (cerebellar pathology). 

Coordination: 

Muscle tone: 

Sensation of touch 
and pain: 

Fingennose test: 

Finger-Finger test: 

Romberg test: 
(body balance) 

Rapid ?nger tap 
PinsI 

Pronation and 
supinatiort of 
the forearms 

Again, analysis of the diagnostic information at the cen 
tral station as in EXAMPLE No. 1 can occur relying upon 
appropriate hardware and software with the result displayed 
at the central station monitor 28 as well as the observation 
screen 88. 
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EXAMPLE No. 3 

Diagnostic Evaluation of Sleep Disorders 
Yet another utility and diagnostic regimen that is provided 

by the system relates to obstructive sleep disorders (OSD). 
Disturbed sleep has been strongly associated with many 
clinically important pathological processes in a large variety 
of patient populations. Obstructive sleep apnea (OSA) has 
been associated, among others, with cardiovascular disease 
and has been closely related to hypertension and the result 
ant hypertrophy of the left ventricle. Moreover OSA has 
been associated with sudden cardiorespiratory death. The 
early diagnosis and treatment of this relatively common 
problem is of utmost importance reducing morbidity and 
mortality from cardiovascular and other disorders. 

Polysornnography is a technique by which various bio 
logical parameters are recorded during sleep, some of the 
more important parameters are ECG, blood pressure, respi 
ration, EEG, EMG, eye movements, leg movement, body 
position and others. Presently, polysomnography is per 
formed mainly in the setting of sleep laboratories and is 
regarded as the standard in the assessment of OSA. The main 
advantages of such a relatively cumbersome setup are: the 
capability for the acquisition of a multitude of parameters 
and the attendance of trained personnel capable to ensure the 
quality of recorded data as well as to intervene in cases of 
emergency. The main drawbacks of sleep laboratories are 
their relatively small number and low capacity which makes 
the test inaccessible to large patient populations, the unnatu 
ral environment which may not truly represent the patients 
problems, and the high cost of the test. 
A solution to the diagnostic as well as surveillance 

problems in OSA comprises a home monitor to assess 
important parameters related to OSA in the most cost 
e?’ective way and in the patient’s own environment. Such 
instruments are presently available in various versions pro 
viding a range of measurable parameters and equipped with 
various modes of information storage facilities. These por 
table recorders have been classi?ed by the American Sleep 
Disorder Association (ASDA) in their review paper pub 
lished in “Sleep” Vol. 17, pp 372—392, 1994. 
The major problem that prevents the wide spread use of 

such instrumentation is the fact that these recordings are 
performed without proper supervision. Such supervision is 
important primarily to assure proper data acquisition as well 
as the ability to intervene in cases of need. This lack of 
personal attendance is the main reason for the nonaccep 
tance of this methodology. The integration of sleep moni 
toring devices into the subject matter of the system provides 
a solution to the problem of constant surveillance of the 
monitored individual during the recording session. A trained 
technician or nurse can, remotely, visually supervise the 
patient while he or she attach themselves to all the sensors 
and measuring devices prior to going to bed. While asleep 
the patient as well as the recording instrumentation can be 
under visual surveillance by the control center. Corrections 
of technical faults (the replacement of a disconnected elec 
trode, sensor placement etc.) can be immediately under 
taken. Moreover, the on-line visual surveillance allows the 
remotely located supervisor to awaken the patient by voice 
contact or other modes of stimulation (electrical, mechani 
cal) and instruct the patient to change his body posture, 
reconnect or disconnect measuring devices, etc. In the case 
of an emergency, the observer can immediately alert family 
members, emergency services, etc. to cope with the problem 
at hand. 

It must be emphasized that the integration of the poly 
somnography within the present system allows for pro 
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longed monitoring periods that can analyze the patients 
condition in his natural environment both during the diag 
nostic assessment phase as well as after the initiation of 
treatment. This will allow long term, daily follow-up of 
various treatment modalities, either single or in combina 
tion. Such a monitoring capability is almost impossible in 
the conventual sleep laboratory. 
As for the ability to cope with emergency situations, it 

must be remembered that OSA patients suifer from a chronic 
problem and are in danger every night. The chance of the 
development of an emergency situation speci?cally during 
the night the patient is monitored in a sleep laboratory is 
relatively slim. In contrast, the long term home monitoring 
device combined with the remotely present supervisor and 
analytical equipment provide a much better instrument 
capable of handling all emergencies effectively despite not 
being physically present. 

Referring now to FIG. 7, the patient 16 may be a patient 
with cardiac problems and may be speci?cally monitored for 
electrical activity in the heart. The patient 16 has a plurality 
of miniature electrodes 120 attached to his or her chest 
which measure the electrical potential on the surface of the 
chest. The data is transmitted via radio signals emitted by 
miniature transmitters 121 to a receiver 122. The receiver 
122 is typically in the patient’s home. The receiver 122 
includes a receiver unit 124 and a memory unit 126 includ 
ing an extended memory for storing transmitted data in a 
given predetermined period, for example, the previous 
twelve or twenty-four hours. The receiver 122 also includes 
a transmission unit 128 which in turn transmits the data 
directly to the central station 20 preferably through the 
telephone lines. One advantage of the system of FIG. 7 is 
that it is a wireless system (i.e., there are no wires from the 
transmitters 121 to the receivers 122) and thus permits the 
patient 16 a considerable amount of mobility. Further, there 
is no heavy or cumbersome equipment to move around. 
Also, the receiver 122 can be plugged into a standard 
household wall outlet for power and therefore doesn’t 
require heavy batteries needing frequent replacement. 
Patient acceptance of the apparatus of FIG. 7 is enhanced 
because the patient does not look like an astronaut and can 
participate in his or her usual household activities and 
interact socially without undue embarrassment, discomfort 
or inconvenience. 

FIG. 8 is a more detailed block diagram of the transmitter 
121 of FIG. 7. The transmitter 121 is supplied with analog 
voltage signals from one or a plurality of electrodes 120. The 
signals from the electrodes are fed to a preampli?er 123 for 
ampli?cation of the signals. The electrode signals are fed to 
a code identi?cation unit 125 which identi?es the ampli?ed 
signal with the particular electrode 120. The electrode 
signals are then supplied to a miniature RF transmitter 127 
and antenna 129 for transmission of the signals to the 
receiver 122 (FIG. 7). 

Referring now to FIG. 9, the receiver unit 124, memory 
unit 126 and transmission unit 128 of the receiver 122 (FIG. 
7) are shown in greater detail. The receiver unit 124 includes 
an RF antenna 131, a miniature RF receiver 130 and a signal 
multiplexing and analog-to-digital conversion unit 132. The 
digital signal is supplied to a loop memory 134 at a sampling 
rate of 125 Hz. The loop memory 134 with programmable 
I/O capability stores the digital signal for 10 minute periods 
and downloads the data in the 10 minute loop memory to a 
long term (e.g., 24 hour) memory 136, preferably a 15 
megabyte solid state memory chip. The loop memory 134 
also sends the incoming digital signals to a signal condi 
tioning unit 138 for digital-to-analog conversion and tone 
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20 
modulation for transtelephonic transmission over telephone 
line 114 to the central station. The long term memory 136 
sends the 24 hour data to a modem 140 for transmission to 
the central station 20 via the telephone line 114. It will of 
course be appreciated that other organs besides the heart, 
e.g., the brain, may be monitored by the equipment in FIGS. 
7-9. 

Referring now to FIG. 10, the modular medical condition 
sensing and display unit 102 of FIG. 6 is shown in greater 
detail. The unit 102 has an elongate ?exible housing 200 
which has a soft and comfortable covering such as cloth or 
leather. The housing 200 is made flexible so that the unit 102 
can securely rest on a variety of surfaces, such as the curved 
arm 103 of the patient’s favorite chair 105, as well as a flat 
table top or other supporting structure. Built into the housing 
200 are a plurality of medical sensors for passively sensing 
or measuring speci?c medical parameters. 

In the embodiment of FIG. 10, a sensor 204 for measuring 
the patient’s pulse, a sensor 206 for measuring the patient’s 
temperature, and a blood pressure cuff 208 are provided. The 
sensors in unit 102 may be movable within the housing 200 
to accommodate patients with different arm sizes. The 
sensors 204, 206 and cuff 208 are preferably placed at 
locations on the upper surface of the housing 200 such that 
the sensors contact suitable points on the patient’s arm when 
the arm is resting on the housing. Sensors for measuring 
different parameters could also be provided. The sensors in 
unit 102 may be movable within the housing 200 to accom 
modate patients with different arm sizes. 

Electrical leads from the sensors are kept out of the 
patient’s way by being led to the interior region of the, 
housing. The leads are supplied to a digital display 210. The 
digital display 210 has separate screens 212 for display of 
the temperature, pulse rate, or other parameters sensed by 
the sensors. 
The display 210 is mounted on a hinge 214 such that the 

display can be oriented vertically. This feature permits the 
video camera 22 (FIG. 6) to ?lm both the patient and the 
display 210 without requiring any movement of the camera 
22. If the medical data gathered by the sensors 204, 206 is 
being sent to the central station electronically, or through 
rninitransmitters and receivers, then the display 210 can be 
folded down out of the way. Should the electronic transmis 
sion fail or become interrupted, the display 210 can be 
pivoted up to face the camera, thereby acting as a backup 
mechanism. 

Referring again to FIG. 6, the use of a video camera 22 in 
the patient’s home is also useful for routine surveillance. For 
example, the camera 22 permits the monitoring of basic 
routine activities (washing, dressing, etc.), ?uid intake, food 
intake, and non-medical emergency situations such as 
threats from the outside (burglars, etc.) and threats from 
self-in?icted problems (?re, gas leakage, etc.). Interactive 
visual communication provided by the present invention 
further helps insure the patient’ s compliance with prescribed 
medications, as the health practitioner 112 can actually 
watch the patient 16 take their pills or other medication. 
Though there is depicted a relatively large patient video 

camera and video receiver in the embodiment of FIG. 6, 
modern technology will enable reduction of the size of the 
component parts. For example, a hand held or wrist size 
screen and transmitter and medical sensor may be used by 
the patient. Such a combination may be wireless and have 
the bulk of a cellular phone. 
As already noted, one of the main goals of the system is 

to provide the participants with an inexpensive,, simple to 
use, and versatile home monitoring equipment while the 






